Abstract Scorpaena onaria Jordan & Snyder (Scorpaeniformes: Scorpaenidae), previously known only from the northwestern Pacific Ocean, is reported from the southwestern Pacific Ocean for the first time on the basis of 19 specimens. The southwestern Pacific specimens are regarded as a southern population of S. onaria, characterised by a shorter supraocular tentacle and larger body size compared with the northwestern Pacific specimens. The southern population is described in detail including comparisons with all known Indo-Pacific species of the genus Scorpaena. Analyses of 37 measurements of the southern population of S. onaria found that relative orbit diameter and second anal-fin spine length became significantly smaller with growth. Initially cycloid, the scales enclosed by the posterior tips of the upper and lower opercular spines and opercular margin change to ctenoid with growth at c. 160-170 mm standard length. A mature female differed from an immature female and males in having a longer upper jaw, steeper dorsal profile of the snout, and shorter nasal spine. As a consequence, the species previously reported as S. neglecta from the Andaman Sea and northwestern Australia was reidentified as S. onaria.
INTRODUCTION
The Indo-Pacific species of the scorpionfish genus Scorpaena (Scorpaeniformes: Scorpaenidae) are characterised by having 12 dorsal-fin spines, 9 dorsal-fin soft rays, teeth on the palatine, an occipital pit, the posterior lacrimal spine directed ventroposteriorly throughout life, cranial bones strongly or moderately ossified, upper and lower opercular spines, some pectoral-fin rays branched, the lateral surface of the body covered with cycloid or ctenoid scales, and the lateral line with pored scales continuing onto the caudal-fin base (Poss 1999) . However, there is no global definition of the genus currently available (Eschmeyer 1969; Eschmeyer & Randall 1975; Motomura 2004a) .
During revisionary studies of the genus by the first author, 19 specimens of an unidentified species of Scorpaena, collected from scattered localities in the southwestern Pacific Ocean at water depths of c. 95-500 m, were found in the collections of several museums. These specimens were initially believed to represent an undescribed species (Paulin 2004) , because they differed significantly from other cooccurring congeners. However, comparisons of this material with all known Indo-Pacific species of Scorpaena showed that these specimens were S. onaria, originally described by Jordan & Snyder (1900) from Japan, and known from southern Korea, Japan, and Taiwan. The southwestern Pacific and Japanese specimens examined in this paper are defined as southern and northern populations of S. onaria, respectively.
The southern population of S. onaria is herein described in detail, including comparisons with the northern population of S. onaria and all Indo-Pacific species of Scorpaena. In addition, specimens previously reported as S. neglecta from the Andaman Sea and northwestern Australia are re-identified as S. onaria.
MATERIALS AND METHODS
Counts and measurements follow Motomura (2004a,b) with the following additional counts. Scales above the lateral line were counted obliquely from between the first dorsal-fin spine base and the first pored lateral-line scale. Scales below the lateral line were counted vertically from between the first anal-fin spine base and the lateral line. Scales were also counted vertically between the last dorsal-fin spine base and the lateral line. Predorsal scale rows were taken as the number of rows between the first dorsal-fin spine base and the posterior margin of the occipital pit. Standard and head lengths are abbreviated as SL and HL respectively.
Terminology of head spines follows Randall & Eschmeyer (2002) with the following additions: the spine occurring at the base of the uppermost preopercular spine is referred to as the supplemental preopercular spine (Eschmeyer 1965) ; and the coronal spine as figured in Chen (1981) . Scale terminology follows Roberts (1993) . Sex was established by dissection of the abdomen on the right side. Osteological characters were confirmed from radiographs. Institutional codes follow Leviton et al. (1985) with an additional institutional abbreviation as follows: the Museum of New Zealand Te Papa Tongarewa (NMNZ).
The following specimens of the Indo-Pacific species of Scorpaena were examined for comparative purposes. Solander & Richardson in Richardson: BMNH 1870.11.30.69, 221.1 mm SL, Qld, Australia, coll. by A. Thomson; BMNH 1890.9.23.142, 142.8 mm SL, Evans Reef, NSW, Australia; BMNH 1890.9.23.143, 172 (Fig. 1-5 
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Scorpaena onaria Jordan & Snyder
Diagnosis
Diagnostic characters for the southwestern Pacific population of S. onaria are as follows: pectoral-fin rays 17 (rarely 18); longitudinal scales rows 43-47 (mode 45); embedded cycloid scales covering anteroventral surface of body and pectoral-fin base; median interorbital ridge present; coronal spine absent; lateral surface of lacrimal with a single spine; anterior lacrimal spine with a second spine; posterior lacrimal spine usually simple, directed ventroposteriorly; upper opercular spine simple with a median ridge; space between upper and lower opercular spines with one or more low ridges and not covered with fleshy skin; posterior tip of pectoral fin not reaching level with tip of depressed pelvic fin; supraocular tentacle shorter than orbit diameter as well as a tentacle on posterior lacrimal spine; underside of lower jaw smooth, without tentacles; no skin flap on pectoral-fin axil; relatively deep body (depth 38.9-45.1% of SL); a large black blotch at the margin of membrane between sixth and ninth dorsal-fin spines in males. A deep water species (recorded from 95 to 500 m water depths), the largest recorded specimen is 265.2 mm SL (NMNZ P. 40691).
Description
Proportional measurements, as percentages of SL and HL, are shown in Table 1 . Frequency distributions of selected meristic characters are presented in Table 2 . Dorsal fin usually with 12 spines and 9 soft rays (10 rays in one specimen; 13 spines and 8 soft rays in one specimen); first spine length more than half that of second spine; third or fourth spines longest, their lengths greater than second anal-fin spine length; fourth to eleventh spines becoming progressively shorter; length of eleventh spine 1.3-1.9 (mean 1.6) times length of last spine; interspinous membranes moderately incised; all soft rays branched; second or third soft rays longest; intersoft-rayed membrane weakly incised; posterior branch of last soft ray joined by membrane to caudal peduncle for more than four-fifths its length. Anal fin with 3 spines and 5 soft rays; first spine 1.7-2.4 (mean 2.0) times length of second spine; second spine longest; all rays branched; posterior branch of last soft ray not joined by membrane to caudal peduncle; intersoft-rayed membrane weakly notched. Pectoral fin with 17 or 18 rays, an uppermost ray and lower 9 or 10 rays unbranched, remaining rays branched; eighth to tenth ray longest, length less than head length; lower unbranched rays thickened; posterior margin of fin rounded (sometimes slightly bilobed). Pelvic fin with 1 spine and 5 soft rays, all soft rays branched; second soft ray longest, its length longer than longest dorsal-fin spine; last soft ray joined by membrane to abdomen for more than half (usually more than two-thirds) its length. Caudal fin with 14 segmented rays, most rays branched; posterior margin of fin slightly rounded.
Longitudinal scale rows 43-47. Pored lateral-line scales 22-24. Scales above lateral line 5 or 6, below 15-17. Predorsal scale rows 3 or 4. Scale rows between base of last dorsal-fin spine and lateral line 7 or 8. Gill rakers on upper limb 4 or 5; lower limb 10-12, including 2-4 rakers on hypobranchial; gill rakers short and spinous, longest raker on first gill arch shorter than longest gill filament; fourth gill slit closed by membrane. Vertebrae 24. Swimbladder absent.
Body moderately compressed anteriorly, progressively more compressed posteriorly. Nape and anterior body not highly arched in juveniles, progressively more arched with growth. Body moderately deep, but less than head length. Numerous small papillae on head, especially dorsal surface of head, snout and lateral surface above suborbital ridge; numerous tiny tentacles and cirri on head. A short tentacle on posterior end of supraocular spine base, its length usually less than pupil diameter. Seven to 12 small tentacles on upper part of outer margin of eye. Anterior lacrimal spine sometimes with 1-3 tentacles. Posterior lacrimal spine associated with a large fimbriate flap (sometimes with one large and several small flaps), its length greater than supraocular tentacle, linked posteriorly to head by fringed skin. A few small tentacles associated with pored lateral-line scales. Pectoral-fin axil without a skin flap. No distinct tentacles on lateral surface of body, except pored lateral line.
Cycloid scales covering an area bound by posterior tips of upper and lower opercular spines and opercular margin (but not on opercular margin) in young, scales changing to transforming ctenoid with growth; exposed cycloid scales (scales sometimes covered with thin skin) covering an area surrounded by upper preopercle, lower posttemporal and upper opercular spines; embedded cycloid scales covering an area surrounded by postorbital, sphenotic, pterotic and upper preopercle; other parts of head not covered with scales. Wellexposed transforming ctenoid scales covering entire lateral surface of body, but not extending onto rays or membranes of fins, except basal caudal fin. Exposed cycloid scales covering ventral surface of body between first anal-fin spine base and front of anus. Embedded cycloid scales covering ventral surface of body anterior to front of anus, including breast and between pelvic fins, and pectoral-fin base; scales on pectoral-fin base covered by thin skin. Lateral line sloping steeply downward above anterior half of pectoral fin.
Mouth large, slightly oblique, forming an angle of c. 20-35 degrees to horizontal axis of head and body. Posterior margin of maxilla extending level with posterior margin of pupil, but not extending beyond posterior margin of orbit (extending slightly beyond in one large female). Lateral surface of maxilla smooth, without ridges, tentacles, or scales. Lower jaw with a symphyseal knob. Width of symphyseal gap separating premaxillary teeth bands slightly greater than width of each band. Upper jaw with a band of short, incurved, conical teeth. About 8 tooth rows at front of upper jaw, tooth band narrowing posteriorly. Tooth band of upper jaw wider than that of lower jaw. Lower jaw with a band of villiform teeth, lengths of most teeth shorter than those of upper jaw. A row of small teeth forming a V-shaped patch on vomer. Width of vomer plate slightly less than or approximately equal to length of palatine plate. About 2 tooth rows on palatine. Underside of dentary with 3 sensory pores on each side, first pore below tip of anterior lacrimal spine, second pore below posterior lacrimal spine, third pore located on posterior margin of dentary. A pore behind symphyseal knob of lower jaw on each side. Underside of lower jaw smooth, without ridges or tentacles.
Dorsal profile of snout steep, forming an angle of c. 50-55 degrees to horizontal axis of head and body (c. 70 degrees in a large female). Nasal spine simple Lacrimal ridge usually with a pointed spine (or with 3 points on one side of head of two specimens), spine located below anterior margin of orbit. Anterior lacrimal spine pointed, directed forward, its tip reaching dorsal margin of upper-jaw lip; a second short spine present at anterior lacrimal spine base. Posterior lacrimal spine simple (with 2 spines on left side of head in a large specimen), directed ventroposteriorly, its tip reaching upper-jaw lip. Posterior lacrimal spine larger than anterior spine. Suborbital ridge with 3 spines (4 spines on left side of head in a large specimen), first spine at vertical midline of eye, tip of second spine extending beyond orbit, third spine on end of suborbital ridge. Broad space between ventral margin of eye and suborbital ridge. Suborbital pit absent. Preopercle with 5 spines, uppermost spine largest with a supplemental preopercular spine on its base, second to fifth spines without a median ridge, directed posteriorly. Preopercle, between uppermost preopercular spine and upper end of preopercle, without serrae or spines. Upper opercular spine simple with a low median ridge. Lower opercular spine simple with a distinct median ridge. Space between upper and lower opercular spines with 1 or more low ridges and not covered with fleshy skin. Posterior tips of upper and lower opercular spines not reaching opercular margin.
Origin of first dorsal-fin spine above lower posttemporal spine. Posterior margin of opercular membrane extending well beyond level with origin of third dorsal-fin spine. Posterior tip of pectoral fin not reaching level with tip of depressed pelvic fin or origin of last dorsal-fin spine. Posterior tip of depressed pelvic fin extending slightly beyond anus, but not reaching anal-fin origin. Origin of pelvic-fin spine posterior to origin of pectoral fin. Origin of first anal-fin spine slightly posterior to origin of last dorsal-fin spine.
Colour when fresh Body variegated, mainly red or reddish yellow, suffused with irregular reddish, yellowish and whitish blotches (see Fig. 1 ). Colour when alive unknown.
Colour of preserved specimens Two major colour forms were apparent, yellowish and melanistic. Yellowish form (17 specimens): head and body dark yellow dorsally, mottled with large poorly-defined grey blotches, becoming pale yellow ventrally. Small distinct black spots, each spot usually less than one-third body scale diameter, scattered on lateral surface of body. Two oblique broad black bands, one from ventral margin of orbit to behind posterior margin of maxilla and the other from posteroventral margin of orbit to preopercular margin above uppermost preopercular spine base (both bands lost in long-term preserved specimens). Upper-jaw lip and underside of mandible pale yellow without distinct bands or spots. Lower-jaw lip pale yellow (sometimes with a series of short irregular grey bars anteriorly). Dorsal fin translucent yellow with a large dense black blotch, approximately equal to or greater than orbit diameter, on outer margins of membranes between sixth and ninth spines in males (absent in females); dense black spots, each less than body scale diameter, scattered on basal membranes of spinous and softrayed portions in some specimens. Pectoral fin yellowish (sometimes with a few black spots on upper half of fin); inner surface and axil of pectoral fin yellowish without distinct markings (the former rarely with a few pale black spots). Pelvic fin uniformly yellowish. Anal fin yellowish, usually with 1-3 pale black spots. Caudal fin translucent yellow with small black spots basally and centrally. Melanistic form (2 specimens): head and body blackish dorsally, becoming greyish ventrally, mottled overall with grey blotches. Membranes of all fins, except pelvic fin, with scattered melanophores. Remaining colour features, including small black spots scattered on body and fins, and a large black spot on spinous portion of dorsal fin, similar to yellowish form.
Distribution and habitats
Scorpaena onaria has to date been reported from the northwestern Pacific Ocean-southern Korea, Japan, and Taiwan (e.g., Chen 1981; Shimizu 1984; Nakabo 2002) ; the eastern Indian Ocean in the Andaman Sea (Kyushin et al. 1977) ; and northwestern Australia (Gloerfelt-Tarp & Kailola 1984) . The latter two accounts were reported as Scorpaena neglecta. The present specimens represent the first records from the southwestern Pacific Ocean and the southernmost record of S. onaria. In the southwestern Pacific Ocean, the species ranges from north of New Caledonia, south to the northern North Island of New Zealand, and from the eastern central coast of Australia to the Kermadec Ridge (Fig. 6) . Most of the southwestern Pacific specimens were collected by trawl from oceanic ridges at water depths ranging from 95 to 500 m (mostly c. 200-300 m).
DISCUSSION
Identification
Scorpaena onaria was originally described by Jordan & Snyder (1900) from Japan and has previously been known only from the northwestern Pacific Ocean (e.g., Chen 1981; Shimizu 1984; Nakabo 2002) . Comparisons of eight Japanese specimens, including two paratypes, with the southwestern Pacific specimens showed many shared characters, including head spine and ridge structure, squamation, and coloration. In addition, their meristic characters fully overlapped (see Table  2 ) and analyses of 37 proportional measurements of both Japanese and southwestern Pacific material showed no significant differences between the latter (see Table 1 ). Therefore, specimens collected from the southwestern Pacific Ocean are identified herein as S. onaria.
The southwestern Pacific Ocean specimens, however, differ slightly from the Japanese specimens by having a short supraocular tentacle, which is usually shorter than the pupil diameter and the length of a tentacle on the posterior lacrimal spine. In contrast, the supraocular tentacle of Japanese specimens is well-developed, which is greater than the pupil diameter (often greater than orbit diameter) and the length of a tentacle on the posterior lacrimal spine. In addition, the dentary of the southwestern Pacific specimens tends to be more convex ventrally and the head appears more rounded. Southwestern Pacific S. onaria grow to 265.2 mm SL (NMNZ P. 40691, Tologa Bay, New Zealand), whereas the largest (specimen-based) reliable recorded size of the northwestern Pacific S. onaria is 182 mm SL (MUFS 12993, Miyazaki, Japan; Motomura & Iwatsuki 1997) .
Differences in the lengths of the supraocular tentacle are only occasionally diagnostic in some species of Parascorpaena (e.g., Poss 1999). In most scorpaenids there is considerable variation, and even presence or absence of the tentacle can be observed within a single species (e.g., Randall & Eschmeyer 2002) . Degree of the dentary development and the maximum body size may be influenced by environmental conditions, including water temperature and food availability. Accordingly, we consider the dentary condition and body size to reflect populations differences between the southwestern and northwestern Pacific within the genus Scorpaena.
Examination of the six specimens (AMS I. 22807-037) reported as S. neglecta from northwestern Australia in water depths of 200-204 m by Gloerfelt-Tarp & Kailola (1984) has shown them to be S. onaria (see comparisons below). Although the northwestern Australian specimens are small (91.4-158.9 mm SL) and known only from one collection, they reflect some of the features of the southern population, a short supraocular tentacle and a convex dentary. Kyushin et al. (1977) reported a single specimen (183 mm SL) as S. neglecta from the Andaman Sea. Although the present whereabouts of this specimen is unknown, based on their colour figure (fig. 157) , this also appears to be S. onaria. Scorpaena onaria is currently known from the northwestern Pacific Ocean, Andaman Sea, northwestern Australia and southwestern Pacific Ocean, suggesting the species is widely distributed in the western Pacific and eastern Indian Oceans. The absence of the species from southern East Asia and Southeast Asia is probably owing to inadequate sampling in deeper waters.
Comparisons
With the exception of S. neglecta, which is widely distributed in the western Pacific Ocean, and S. onaria (see above), species of Scorpaena have limited distributional ranges in the Indo-Pacific, with high regional endemism. Four species of Scorpaena, viz., S. cardinalis, S. cookii, S. neglecta, and S. papillosa, occur in the southwestern Pacific Ocean, and three of these species are endemic to the region. Although distributions of each species within the region are still poorly known, their ranges probably overlap with that of the southern population of S. onaria. Scorpaena onaria can be distinguished from the other southwestern Pacific congeners by a combination of features, namely the lack of a skin flap on the pectoral-fin axil (present in S. neglecta) (Nakabo 2002 ; this study), coronal spines (see Fig.  4 , present in S. papillosa) (Paulin 1982 ; this study), and exposed scales on the pectoral-fin base (present in S. papillosa) (this study); and possession of a single spine (usually) on the lateral surface of the lacrimal (see Fig. 3 , usually 2 spines in S. cardinalis and S. cookii; no spine in S. neglecta) (this study); 43-47 longitudinal scale rows (see Table 2 , 54 or more in S. cardinalis and S. cookii (this study); and greater relative body depth (mean 41.2%, range 38.9-45.1% of SL; see Table 1 , 30.6-34.0% of SL in S. cardinalis, S. cookii, and S. neglecta) (this study).
Apart from numerous brief treatments within general classification papers, and regional faunal studies, there has been no comprehensive IndoPacific review of the genus Scorpaena. This has resulted in considerable taxonomic confusion. On the basis of regional studies of scorpionfishes, including Easter Island (Eschmeyer & Allen 1971) , the Hawaiian Islands (Eschmeyer & Randall 1975) , New Zealand (Paulin 1982) , South Africa (Eschmeyer 1986 ) and the western central Pacific (Poss 1999) , and the first author's unpublished data from the IndoPacific Ocean, we currently recognise 14 valid species of Scorpaena and several undescribed species in the Indo-Pacific Ocean. Scorpaena onaria is readily distinguished from S. sumptuosa (distributed off southwestern Australia) by lacking a median longitudinal ridge on the maxilla (Fig. 3 ) (this study); from S. colorata (Hawaiian Islands) and S. orgila (Easter Island) by having a single spine on the lateral surface of the lacrimal (Fig. 3 , no spine in S. colorata and 2 spines in S. orgila) (Eschmeyer & Allen 1971; Eschmeyer & Randall 1975 ; this study); from S. gibbifrons, S. hemilepidota, and S. lacrimatus (all known only from single specimens, the former two from the Philippines, the latter from off Tahiti) by having 17 (rarely 18) pectoral-fin rays ( (Poss 1999; Randall & Greenfield 2004) ; from Scorpaena scrofa (South Africa; also occurring in the Mediterranean and off the west coast of Africa) by lacking distinct tentacles on the ventral surface of the lower jaw (Fig.  3) (Eschmeyer 1969 (Eschmeyer , 1986 ; this study); from S. miostoma (East Asia) by having 17 (rarely 18) pectoral-fin rays (15 or 16) (this study); and from S. pele (Hawaiian Islands) by having a well-developed mid-interorbital ridge (Fig. 4 , absent in S. pele) (this study).
Morphological changes with growth
Changes in relative lengths of fin spines and soft rays with growth are well known in Scorpaenidae, e.g., fin spines and soft rays in species of Scorpaenopsis become shorter with growth relative to body size (Randall & Eschmeyer 2002) . However, except for a study of Scorpaenodes varipinnis Smith by Shinohara (1998) , no detailed descriptions of such changes, including accurate measurement data, have been reported for other species. Shinohara (1998: fig.  2 ) analysed 21 measurements from 6 specimens (15.9-42.0 mm SL) of Scorpaenodes varipinnis collected from Japanese waters, and reported that the head length and interorbital width became shorter with growth, whereas the spinous dorsal-fin base, and eleventh and twelfth dorsal-fin spine and third anal-fin spine lengths became longer.
Analyses of 37 measurements (see Table 1 ) from 19 specimens (121.0-265.2 mm SL) of the southern population of Scorpaena onaria found that relative orbit diameter and second anal-fin spine length became significantly less with growth (Fig. 7) . The remaining morphometrics, including eleventh dorsal-fin spine and third anal-fin spine lengths, which were reported to change relative to SL with growth in Scorpaenodes varipinnis, did not show allometric changes in the southern population of Scorpaena onaria, suggesting specific or generic variability in scorpaenids in these aspects.
Initially cycloid, the scales enclosed by the posterior tips of the upper and lower opercular spines and opercular margin in the southern population of S. onaria change to transforming ctenoid with growth at c. 160-170 mm SL.
Finally, whereas the head spines of Scorpaena cardinalis and S. cookii, both sympatric with the southern population of S. onaria, become more blunt with growth (this study), those of the southern population of S. onaria become sharper.
Sexual dimorphism and biology
The males of some species of Scorpaenidae, e.g., Parascorpaena mcadamsi (Fowler) and several species of Scorpaenopsis, are known to possess a large black blotch at or near the outer margin of the membrane of the spinous portion of the dorsal fin (e.g., Poss 1999; Randall & Eschmeyer 2002) . Some species, e.g., Scorpaena bergi Evermann & Marsh, Scorpaena isthmensis Meek & Hildebrand, and Scorpaenodes varipinnis, have a black blotch in both sexes, whereas others, e.g., Parascorpaena mossambica (Peters) and Scorpaena brasilensis Cuvier, lack a blotch in either sex (Eschmeyer 1965; Shinohara 1998; Poss 1999; Poss & Eschmeyer 2003) . Examination of the gonads in the southern population of S. onaria (by dissection of the abdomen on the right side) showed that it was sexually dimorphic with only males having a black blotch at the margin of the membrane between the sixth and ninth dorsalfin spines. Although some Scorpaenidae develop a black blotch on the spinous portion of the dorsal fin of "mature" males only (e.g., Randall & Eschmeyer 2002) , the blotch occurred in all sizes of the southern population of male S. onaria available in this study (121.0 to 265.2 mm SL), indicating it was not associated with the onset of sexual maturity.
Of the 19 specimens reported in this study, only two were females (c. 10.5%). Although the smaller female (NMNZ P. 33103, 162.2 mm SL; Fig. 2C) , with immature gonads, showed no major external morphological differences from males, the larger female (MNHN 2003 (MNHN -1838 .6 mm SL; Fig. 5) , with fully mature gonads, differed in several aspects. In contrast to the other specimens, the posterior margin of the maxilla in the larger female extended slightly beyond level with the posterior margin of the orbit. The dorsal profile of the snout in the larger female, also formed an angle of c. 70 degrees to the horizontal axis of the head and body, steeper than in the males and smaller female (c. 50-55 degrees), making the head appear more rounded (see Fig. 5 ). The nasal spine length in the larger female was approximately equal to the anterior nostril diameter, compared with more than twice the anterior nostril diameter in the other specimens. These differences appear to represent secondary sexual characteristics, although their confirmation requires examination of more mature female specimens.
The gonads of 14 male specimens, ranging from 154.4 to 255.2 mm SL, were immature, even though these specimens were collected throughout the year. The lack of mature males in the present study suggests that the breeding season (when spermatozoa develop) of the southern population of S. onaria is likely to occur over a very short period of time.
